Understanding genetic structure and diversity underpins the management of isolated populations. Small populations confined to islands may require effective genetic management for population persistence due to inbreeding and reduced genetic diversity. Endemic to the offshore islands of mainland Mauritius, the Bojer's skink (Gongylomorphus bojerii) has previously been managed as two genetic units due to divergence between populations to the north and south-east. In 2009, a few individuals were discovered on the south-eastern island Ile de la Passe (IDLP), an island within its former range where the species was believed to have gone extinct. This island was later supplemented with translocations from other south-eastern islands, but individual geographic origin and the genetic consequences of these translocations remains unknown. Demographic population history and translocation events were reconstructed using a suite of microsatellite markers and the mitochondrial DNA cytochrome b gene, assessing two northern and three south-eastern populations to infer the geographic origin of the IDLP individuals, and to assess the population's genetic diversity and structure. Although IDLP showed significant differentiation from all other populations, all analyses indicated a south-eastern origin, possibly founded by a single gravid female. Subsequent translocations have so far failed to ameliorate IDLP's genetic diversity. In addition, admixture analysis was used to track translocation and gene-flow in IDLP. We recommend using additional translocations from other south-eastern islands to further genetically support IDLP. Our study highlights the need to clarify cryptic population structure and utilise post-translocation genetic monitoring among similarly managed populations, particularly endangered island populations.
Introduction
Anthropogenic activity can alter the genetic structure of populations by creating new barriers to dispersal or eliminating obstacles previously preventing gene flow, leading to admixture (Crispo et al. 2011; Helmus et al. 2014 ). Translocations within a species' former range have been advocated for maintaining genetic diversity within existing populations and for establishing new populations as buffers against localised extinctions (Griffith et al. 1989; Madsen et al. 1999; Tuberville et al. 2005) . Understanding such levels of genetic diversity and population structure within and among isolated populations is essential for ensuring appropriate conservation and management decisions (Frankham et al. 2017) . For example, admixture can be beneficial for populations; increasing genetic diversity, masking deleterious mutations and producing 1 3 new genotypes, potentially leading to transgressive segregation and heterosis (Crispo et al. 2011; Verhoeven et al. 2011) . Admixture into small, inbred populations may prevent inbreeding, thereby reducing the likelihood of extinction (Madsen et al. 1999; Hogg et al. 2006; Johnson et al. 2010; Heber et al. 2013; Bateson et al. 2014) . Additionally, admixture has the potential to supplement recently introduced populations, or help populations survive in an environment where native genomes are not pre-adapted (Verhoeven et al. 2011) .
In contrast, the mixing of locally adapted, isolated populations can have adverse consequences with the loss of locally adapted allele combinations, breakdown of coadapted gene complexes or the reintroduction of genetic load which had previously been purged (Frankham 2015) . Populations can suffer from hybrid breakdown, genomic extinction and outbreeding depression (Rhymer and Simberloff 1996; Crispo et al. 2011; Verhoeven et al. 2011 ). In such cases, conservation managers predominantly choose to prevent the mixing of genetically distinct types (Moritz 1999; Allendorf et al. 2010; Weeks et al. 2011) ; instead populations of the same genetic provenance are considered as more appropriate stock when conducting translocations (IUCN 2013) . Nevertheless, mixed populations may result when previous translocations have been poorly documented and/or populations have not been thoroughly characterised (Latch et al. 2006) . Similarly, accidental translocations within a species' range can be difficult to distinguish from natural migrations and may remain undetected, resulting in admixture and introgression (Michaelides et al. 2013 ) and impacting long-term population viability and future population management. The genetic risks associated with mixing populations should be carefully weighed against the benefits, therefore when planning and evaluating translocation programs, careful consideration of genetic structure has become a necessity (IUCN 2013) .
Genetic analyses reveal patterns of diversity and structure within and among populations, allowing the prediction and identification of admixture pre-and post-translocation. In the case of accidental and poorly documented translocations, previous studies have attempted to identify the origin of the introduced population, for example when differentiating natural range expansions and translocations in the red fox (Vulpes vulpes; Statham et al. 2012) , in characterising the subspecies structure of the cryptically distributed wild turkey (Meleagris gallopavo; Latch et al. 2006) , and identifying source populations for colonisation events in desert bighorn sheep (Ovis canadensis nelson; Epps et al. 2010) . Similarly, genetics, when used in conjunction with demographic, behavioural and ecological data, can be particularly valuable in post-translocation monitoring to evaluate the success of a program. In order to improve population viability, translocations should aim to minimise inbreeding, and maximise genetic variation and effective population size (IUCN 2013) .
Investigating translocation history using genetic data is of particular importance for the future management of the Critically Endangered Bojer's skink (Gongylomorphus bojerii) (Cole and Payne 2015) in order to monitor the outcome of reintroductions and augmentations of insular island populations. Bojer's skinks are endemic to Mauritius and are restricted to a number of small offshore islands (Fig. 1) , now only found to the north and south-east of the mainland (Jones 1993; Cole and Payne 2015) . This is due to the arrival of humans on the Mascarenes in the seventeenth century and the subsequent appearance of commensal invasive species (Tonge 1990; Jones 1993) . The species still faces a substantial threat of extinction and relies on active conservation management. Current efforts focus on translocating individuals among islands, augmenting existing populations, and reintroducing skinks onto neighbouring islands that were once part of their historical range. Bojer's skinks are currently treated as two separate Management Units (MUs; northern and south-eastern) based on mitochondrial DNA (mtDNA) haplogroup divergence which differs by ~ 1.7% (Austin et al. 2009 ). The northern offshore islands feature one haplogroup; whereas the other haplogroup was described from Ilot Vacoas (IV) in the south-east (Austin et al. 2009 ). Subsequently, two additional populations were founded from IV individuals on the south-eastern islands Ile de la Passe (IDLP) and Ile aux Fouquets (IAF) where Bojer's skinks existed until the 1930s and 1970s, respectively (Cole et al. 2009 ; Fig. 1 ). Ten individuals of each sex were translocated from IV to IAF in January 2007, and again in 2008 and 2010 (Cole et al. 2009; Michaelides et al. 2015) . In 2009, a small population was found to have re-established on the small island of IDLP (approx. 200 m × 200 m), seemingly independent of human intervention, and were later supplemented with 16 individuals from IV and 20 individuals from IAF in 2013 (Cole et al. 2013) . The discovered skink population on IDLP could represent a relic of the historic population that survived the presence of invasive musk shrews, although this is unlikely given the rapid extirpation of a considerably larger skink population by musk shrews elsewhere (Cole and Payne 2015) . Furthermore, IDLP is topographically simplistic with sparse and degraded habitat, such that the highly active and inquisitive diurnal skink would have been detected during extensive herpetofaunal surveys of the small islet from the 1960s to 2008 (Vinson and Vinson 1969; Tonge 1990; Jones 1993; Freeman 2003; Cole 2005; Cole et al. 2009 ). The origin of the individuals occupying the island in 2009 is therefore unknown and there are currently no data on mtDNA diversity on IDLP, an issue of particular relevance considering the impacts of tourism on the offshore islets of Mauritius and the biosecurity risks that pertain with regular movement of people and boats (Cole et al. 2013) .
Evaluating the management actions implemented so far and future management options for Bojer's skinks, particularly in terms of translocation, requires an accurate assessment of the genetic status of the island populations. We used molecular tools to analyse the genetic diversity and differentiation among Bojer's skink insular populations. In particular, we aimed to identify and quantify any admixture between the 2009 individuals and subsequent deliberate translocations to IDLP, and assess the population's genetic diversity, following the addition of individuals into this small, genetically uncharacterised recipient population.
Materials and methods
A total of 254 Bojer's skinks were sampled across five Mauritian island populations between 2008 and 2016 (Table S1 ). These included the remaining northern and south-eastern populations on Round Island (RI) and IV, re-introduced south-eastern populations on IAF and IDLP, and the recently extirpated northern population from Flat Island (FI). Tissue samples were obtained with permission of the Government of Mauritius following ethical review by the Durrell Wildlife Conservation Trust by removing the tail tip (< 1 cm) during routine monitoring of populations by the Mauritius Reptile Recovery Programme. All specimens were caught by hand during three capture periods on IAF and IDLP, and one capture period on all other islands. All individuals were photographed and identified by their dorsal pattern to ensure no skink was sampled twice. Tail tips were stored in 99% ethanol and frozen prior to DNA extraction. Samples were imported into the United Kingdom under the conditions of a general permit IMP/GEN/2014/06 issued to the Durrell Wildlife Conservation Trust (Jersey, Channel Islands). DNA was extracted from tail tips following a HotSHOT extraction protocol (Truett et al. 2000) . Briefly, 0.5 cm of tissue was added to 100 µL lysis solution (25 mM NaOH, 0.2 mM Na 2 EDTA, pH 12.0) and incubated at 95 °C for 4-5 h. After cooling, the equivalent volume of neutralising solution (40 mM Tris-HCL, pH 5.0) was added, before DNA samples were stored at − 20 °C.
Microsatellite genotyping
A suite of polymorphic microsatellite markers were used for genotyping (Table S2 ), all of which were previously developed for Gongylomorphus skinks (Austin, unpublished data; Dawson and Freeman, unpublished data; Freeman 2003) . For all downstream statistical analyses we used 14 microsatellites, except in the case of admixture and relatedness analyses, and to assess private alleles. We performed these analyses using nine loci because admixture and relatedness were assessed among south-eastern populations only, and the majority of samples from these populations were genotyped at nine loci. For all PCRs, forward and reverse primers (0.2 µM each) were multiplexed (four multiplex reactions given in Table S2 (Table S2) . PCRs were performed using a GeneAmp™ 9700 thermal cycler (Applied Biosystems). PCR fragments were analysed at MRC Protein Phosphorylation and Ubiquitylation (PPU) DNA Sequencing and Services, Dundee. Allele sizes were assigned using GeneMarker v.2.7.0 (SoftGenetics). Individuals missing > 20% data following re-amplification were excluded from further analyses. Data were checked for evidence of null alleles, large allele dropout or stutter peaks using MICROCHECKER v.2.2.3 (Van Oosterhout et al. 2004) , and deviations from Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) using GENEPOP v.4.6 (Raymond and Rousset 1995; Rousset 2008) .
Mitochondrial DNA
A subset of 51 individuals including all islands were used as representatives for the mitochondrial analysis (Tables S1, S3). A fragment of the mitochondrial cytochrome b gene (~ 700 bp) was amplified using primers CBH-3 and L14841, following conditions described in Austin et al. (2009) , with an initial activation step of 95 °C for 15 min. PCR was performed in 15 µL, including 5 µL of QIAGEN Multiplex PCR MasterMix, 0.1 µL of 20 mg/mL BSA, 0.33 µM of each primer and 50-100 ng/µL DNA. Forward and reverse sequences were aligned and trimmed to 642 bp using Geneious R.10.2.3 (Kearse et al. 2012 ) and all consensus sequences were aligned in ClustalX ( Thompson et al. 1997) .
Statistical analyses

Microsatellites
Indices of microsatellite genetic diversity were calculated using MSA v.4.05 (Dieringer and Schlötterer 2003) , including the number of alleles (A), allelic richness (A R ), observed (H O ) and expected (H E ) heterozygosity. Inbreeding coefficient (F IS ) was estimated with FSTAT v.2.9.3.2 (Goudet 2001) . The above statistics were calculated for IDLP based on temporal sampling in order to address the effects of translocations. Significant differences between populations were assessed using an ANOVA, followed by a Tukey's HSD test in R v.3.3.2 (R Core Team 2016). The number of alleles unique to one or more populations were calculated across the nine loci successfully genotyped in at least 65% of samples from each population, and visualised as a Venn diagram. Pairwise F ST values were estimated using FreeNA (Chapuis and Estoup 2007) . As null alleles can lead to biased estimates of genetic differentiation (Dabrowski et al. 2014 ) and our dataset showed evidence of null alleles, we also used the ENA method of Chapuis and Estoup (2007) with 5000 bootstrap iterations to estimate unbiased F ST . All analyses were performed twice, accounting for the presence and the absence of null alleles.
Bayesian clustering was used to infer the degree of genetic structure among populations based on multilocus microsatellite data using STRU CTU RE v.2.3.4 (Pritchard et al. 2000 ). An admixture model was used with no location prior and allele frequencies were assumed to be correlated. One million MCMC iterations were run, following a burnin period of 100,000 to determine the optimal number of clusters (K). The K-values considered ranged from 1 to 7, and 10 independent simulations were performed per value. Structure Harvester Web v.0.6.94 (Earl and vonHoldt 2012) was used to select the most appropriate value of K based on the posterior probability of the data for the given value of K (LnPr(X|K)) and Delta K (Evanno et al. 2005) .
The likelihood of each individual being assigned to a given cluster or hybrid class was estimated using STRU CTU RE and NewHybrids v.1.1 beta (Anderson and Thompson 2002) , respectively. These analyses were limited to the south-eastern clusters (IAF/IV and IDLP). NewHybrids was used to assign individuals into six classes based on the proportion of their genetic material originating from each reference population (Table 1) : 'pure' IDLP, 'pure' IAF/IV, first generation hybrids (F 1 ), second generation hybrids (F 2 ) and back-crossed hybrids (IAF/IV_Bx or IDLP_Bx). The Jeffreys-like prior was used due to the low allele frequencies observed in the populations compared (Anderson and Thompson 2002) . We used a burn-in period of 100,000 steps and 1,000,000 MCMC iterations. The threshold value (T q ) defines the probability above which an individual can be assigned. HybridLab v.1.0 (Nielsen et al. 2006 ) was used to generate simulated datasets and identify the impact of changing T q on efficiency, accuracy and overall performance of assignment (see Vähä and Primmer 2006) . For assessing the performance of NewHybrids, all hybrid classes were averaged, to give a parameter summarising F 1 , F 2 and backcrossed classes. From the 60 most 'pure' individuals of IDLP and IAF/IV, 100 genotypes were generated for each of the six hybrid classes (n = 600) and repeated 10 times. Each dataset was then analysed in STRU CTU RE and NewHybrids under the same conditions as the empirical dataset, while accuracy, efficiency and overall performance were assessed using T q values from 0.70 to 0.95. If an assignment probability for a given cluster or class surpassed T q , the individual was assigned to that cluster or class, however, if all assignment probabilities for a given individual failed to surpass T q for all clusters or classes, the individual was termed 'admixed' in STRU CTU RE and 'unassigned' in NewHybrids.
To assess temporal changes in relatedness among individuals on IDLP, relatedness and likelihood-based approaches were taken. First, Queller and Goodnight's relatedness (Queller and Goodnight 1989) was calculated using GenAlEx v.6.503 (Peakall and Smouse 2012) . Pairwise relatedness (r) was estimated from observed allele frequencies and was used to categorise each dyad into first order (r ≥ 0.50), second order (0.25 ≤ r < 0.50), third order relatives (0.125 ≤ r < 0.25) or unrelated (r < 0.125). We also estimated the mean relatedness for each temporal sample. Secondly, sibships were inferred using COLONY v.2.0.6.1 (Wang and Santure 2009 ). This full-likelihood analysis was performed with no information on parental genotypes, assuming both male and female polygamy and without a sibship size prior distribution. The non-inbreeding model was selected as the low F IS value indicated no inbreeding in the IDLP population. Allele frequencies were estimated from the dataset. Five replicated runs of long length and very high precision were performed for each sample. Individuals were classified as full siblings, half siblings and unrelated pairs within the best configuration that maximises the probability of all relationships. These analyses were limited to nine loci because individuals sampled in 2009 and 2014, i.e. two of three sampling years analysed, were not genotyped at the five additional loci.
Msvar v.1.3 (Beaumont 1999; Storz and Beaumont 2002 ) was used to investigate signatures of recent demographic change. Each cluster identified in STRU CTU RE was tested under three demographic scenarios performed with different prior distributions (Table S4 ): firstly the same prior for current (N 0 ) and ancestral (N 1 ) effective population sizes, i.e. a stable population; secondly a larger prior for N 0 compared to N 1 , i.e. an expansion; and finally a larger prior for N 1 compared to N 0 , i.e. a bottleneck. We parameterised the model using a generation time of 3 years (Cole and Payne 2015) and an average mutation rate of 10 −4 for vertebrate microsatellites (Brohede et al. 2002; Bulut et al. 2009; Orozco-terWengel et al. 2013) . Each Markov chain consisted of 67,770 simulations, of which the first 20% was disregarded to allow for burn-in. Convergence between the three independent chains per cluster was assessed with Brooks, Gelman and Rubin's diagnostics (Brooks and Gelman 1998) using the boa package (Smith 2007) implemented in R v.3.3.2 (R Core Team 2016). Parameter medians (N 0 , N 1 and t) and highest probability density limits (Alpha level = 0.1) were also assessed using boa.
Mitochondrial DNA
The mtDNA sequences were combined with 15 previously published haplotypes for this species (Table S5 ; Austin et al. 2009 ) and were aligned and trimmed in MEGA v.7 (Tamura et al. 2007 ). The aligned sequences were used to construct a haplotype network with 95% confidence limits, using the program TCS (Clement et al. 2000) , which was superimposed onto a map to qualitatively investigate the geographic distribution of the haplotypes. Diversity indices such as haplotype diversity (Nei and Tajima 1981) and nucleotide diversity, π (Nei 1987) were calculated for the whole sample using DNAsp v.6.10.03 (Rozas et al. 2017) . Alignment gaps and missing data were excluded from all calculations. In addition, the neutrality test of Tajima (Tajima 1989a (Tajima , b, 1993 was performed to determine whether the pattern of sequence polymorphism in populations conformed to a neutral model and to test for a demographic population expansion or contraction. We also performed the Fu and Li's F test (Fu 1997) to test the neutrality of the data. Both these tests were conducted in DNAsp v.6.10.03 (Rozas et al. 2017) . 
Results
Null alleles were detected in Gong2, GB06 and GB14. However, correcting for them in the dataset had no qualitative change to the F ST results (ENA method) or downstream analyses, therefore results are presented for all 14 loci. While two loci (Gong2 and GB06) were identified as deviating significantly from HWE after Bonferroni correction (p < 7.14 × 10 −4 ), this occurred in only one of five populations and therefore was most likely due to random variation. Allelic richness (ANOVA; F = 30.47, p < 0.001) and expected heterozygosity (ANOVA; F = 31.09, p < 0.001) differed significantly among populations (Table 2) , showed significantly higher diversity in northern populations, and showed significantly lower heterozygosity in IDLP than all other islands (Tukey's HSD test, p < 0.05). Significant F IS (p < 0.05) indicated some inbreeding in IAF (Table 2) . Pairwise F ST values indicated high and significant differentiation among populations (F ST = 0.02-0.36, p < 0.01; Table 3 ), particularly when the north was compared with the south-east (F ST = 0.24, p < 0.01). IDLP showed high differentiation from the other south-eastern populations (F ST = 0.23-0.24, p < 0.01), although these values were lower than when IDLP was compared to northern populations.
STRU CTU RE analysis identified the highest ΔK at K = 3, however the largest log-likelihood was K = 4 (Figs. S1, S2), with the fourth cluster featuring FI individuals, with scattered contribution from all other islands, thus K = 3 was considered more biologically meaningful. K = 3 separated the populations by geographic location, with IDLP identified as distinct from both the northern and south-eastern islands, which were also distinct from one another (Fig. 2) .
The simulated dataset was analysed in both STRU CTU RE and NewHybrids to test efficiency, accuracy and overall performance of both programmes under a range of threshold values (0.70-0.95; Figs. S3, S4). In STRU CTU RE, overall performance peaked at T q = 0.85, reaching 79.9%. This T q maximised both accuracy (89.0-97.4%), and efficiency (89.8-100%) for purely IAF/IV or IDLP individuals, and hybrids, within the simulated datasets. In NewHybrids, the overall performance continuously decreased as T q increased. Accuracy for all groups, at all thresholds, did not fall below 95.7%, however the efficiency of identifying pure IDLP individuals ranged between 51.7 and 75.0%. This decreasing trend in efficiency resulted in a decreasing trend in overall performance, outweighing the impact of an increase in accuracy of 5%. When IDLP was removed, overall performance was highest at T q = 0.85 at 95.8%. To avoid sacrificing accuracy for all groups for the efficiency of IDLP alone, a T q value of 0.85 was used.
Of the 180 south-eastern individuals analysed, STRU CTU RE identified 76 individuals of IAF/IV origin and 89 of IDLP origin ( (Table 4 ). The majority of admixed individuals were identified from IDLP rather than IAF or IV, and these were predominantly F 1 individuals (Fig. 3) . The percentage of relationships on IDLP categorised as Queller and Goodnight first and second order relatives was lowest in 2009, increased in 2014 and decreased again in 2016 (Table 5) Msvar results suggested all inferred clusters experienced a reduction in their effective population size in the recent past (Table 7) , with limited overlap in the posterior distributions for N 0 and N 1 (Fig. 4a-c demographic model resulted in similar posterior distributions for the three tested parameters (N 0 , N 1 and t; Fig. 4a-c) .
We obtained 615 bp of aligned mtDNA sequences from 66 Bojer's skink samples, representing all seven extant populations in Mauritius. Nine haplotypes were identified, for which TCS connected alleles separated by up to six mutational steps (95% confidence limits). Two major haplogroups (A and B, Fig. 5 ) predominantly distinguished northern from south-eastern samples, however two samples from IV classified as haplotype B01, and one sample from IAF classified as haplotype B04, grouped with northern samples (Haplogroup A). Haplogroup A featured seven haplotypes with up to six mutational steps between them. In contrast, Haplogroup B featured only two haplotypes (of which one is extinct) separated by only two mutational steps. Seven of the nine haplotypes were found on just one island (Fig. 6 ). Only haplotype B01 was shared between the northern (RI, FI and Pigeon House Island) and south-eastern islands (IV). There were no northern haplotypes represented in IDLP, despite it having the largest sample size. The south-eastern islands showed low haplotype diversity with 40 of the 44 samples classified as haplotype B08 and this haplotype was the only haplotype present on all three islands. Haplotype diversity was highest on IV, lower on IAF and lower still on IDLP, with haplotype B08 becoming increasingly prominent. There were three haplotypes sampled from IAF; two were unique but were sampled from extinct populations (B04 and B09), and one was an extant haplotype from the most recent IAF samples (B08). When all 66 sequences were considered as one population, including the sequences downloaded from GenBank, the overall haplotype diversity was estimated at 0.60 and the nucleotide diversity was 1.09%. Both these values corresponded to values reported for other reptiles (Dutton et al. 1999; Rato et al. 2010) . The Tajima D test for neutrality (0.88; Tajima 1989a Tajima , b, 1993 was not statistically significant (p > 0.10), suggesting that the cytochrome b gene is neutral. The positive value for the Tajima D test showed an overall signature of population contraction (Tajima 1989b ), corresponding to the Msvar results. Likewise, the Fu and Li's F test (0.81; Fu 1997) rejected the null hypothesis of neutrality (p < 0.10) and this test also suggested the presence of a population bottleneck.
Discussion
Nuclear and mtDNA analyses detected three and two highly differentiated clusters among populations of Bojer's skinks, respectively. Although divergent in allele and haplotype frequencies, the 2009 individuals from IDLP possessed the same allelic complement as the other south-eastern islands (Fig. S5) , allowing us to infer a southern origin. Admixture could be observed among IDLP founders and translocated individuals, demonstrating successful integration. However, the translocations still need to be augmented because genetic Table 6 Temporal changes in sibships among individuals on Ile de la Passe Full-sibs (0.5) and half-sibs (0.25) were inferred using the best configuration in COLONY. These are presented as counts and percentages of all possible pairwise relationships made per time samples 0.5 (%) 0.25 (%) Total (%) diversity is lower in IDLP relative to its source population(s), likely caused by founder effect and genetic drift. These findings enable more informed strategies to ensure the long-term population viability of Bojer's skinks on IDLP. Similar to previous studies (Freeman 2003; Michaelides et al. 2015) , nuclear DNA shows significantly lower genetic diversity in south-eastern compared to northern populations. Populations with low carrying capacities, and those subjected to demographic bottlenecks are expected to experience reductions in genetic variation due to genetic drift (MacArthur and Wilson 1963; England et al. 2003) . As such, we would expect to find lower diversity among the smaller south-eastern islands of Mauritius (0.01-0.03 km 2 ), compared to those in the north (2.19-2.53 km 2 ). During sourcing for translocations, adequate levels of genetic variation must be retained in source populations and achieved in recipient populations to reduce the risk of inbreeding depression and loss of adaptive potential (IUCN 2013) . The low levels of genetic variation exhibited by IDLP are therefore a concern for population viability, particularly when compared to its source populations of IV and IAF. Sampling years were not regularly spaced and therefore do not show all variation within the trend, complicating inference of the result of translocations on temporal changes in diversity for IDLP. Samples from IV represent genetic diversity in 2014, 1 year after translocation to IDLP (2013) . When comparing our values to Michaelides et al. (2015) , i.e. pre-translocation (H O = 0.62 ± 0.18, H E = 0.68 ± 0.13, A = 6.53 ± 3.24), the genetic diversity of this source population seems to have been unaffected by the translocation.
Bayesian clustering recapitulated the genetic differentiation between northern and south-eastern populations, corroborating previous microsatellite (Michaelides et al. 2015) and mtDNA (Austin et al. 2009 ) analyses, providing further support for the subdivision of Bojer's skinks into two management units. High differentiation is also supported by pairwise F ST values, little mitochondrial haplotype sharing and a large number of alleles unique to the northern populations (Fig. S5) . Differentiation of northern and south-eastern genotypes is to be expected due to the absence of natural migration between these regions, and similar structure is commonly shown in island reptile populations (e.g. Ciofi and Bruford 1999; Ciofi et al. 2002; MacAvoy et al. 2007; Jordan and Snell 2008; Hurston et al. 2009 ). STRU CTU RE analysis also showed differentiation between IDLP and the other south-eastern islands, assigning the population to a distinct cluster. Although highly differentiated, individuals from IDLP share more of their alleles with other south-eastern compared to northern populations, as indicated by pairwise F ST values and the shared alleles Venn diagram (Fig.  S5) . Additionally, differentiation between IDLP and IAF/IV in nuclear DNA and the absence thereof in mitochondrial cytochrome b suggests the small re-established population in 2009 was likely derived from neighbouring south-eastern populations but has since suffered from founder effect and genetic drift. It has been documented in many instances that translocated populations can rapidly show a high degree of differentiation from their source, including the re-introduction of sea otters (Enhydra lutris; Larson et al. 2002) , relocation of north American wapiti (Cervus elaphus; Polziehn et al. 2000) , translocations of the Seychelles warbler (Acrocephalus sechellensis; Wright et al. 2014 ) and the bridled nailtail wallaby (Onychogalea fraenata; Sigg 2006) . Although our data show translocations from IV to IAF were successful, supporting those from Michaelides et al. (2015) , translocations to IDLP appear to have so far failed in creating a back-up population of similar viability.
The accidental introduction of the musk shrew (Suncus murinus) is considered responsible for the extirpation of Bojer's skink populations in Mauritius, and this invasive species was eradicated from IDLP in 2000 as part of a program to reintroduce native reptile species to their former ranges (Varnham et al. 2002) . Ile da la Passe is approximately 0.02 km 2 in size and extensive surveys on the island until 2004 found no skinks present. While it is possible for small lizards to raft between islands even further apart than those south-east of Mauritius (Carranza et al. 2000; Calsbeek and Smith 2003) , strong currents around these islands were expected to limit dispersal to IDLP. It is therefore more likely that an individual(s), possibly a single gravid female, was accidentally translocated to IDLP between 2004 and 2009 via touristic activities on the islands. Individuals found re-established on IDLP in 2009 show evidence that genetic differentiation from other populations had already accumulated before the deliberate translocations, probably only one or two generations after the population was founded.
Admixture was identified on IDLP using both STRU CTU RE and NewHybrids in the 2016 sample, following translocations. NewHybrids showed an increase from 0 to 8.2% of samples identified as F 1 admixed individuals just a single generation after translocation. Kennington et al. (2012) recorded a shift from one genetically distinct cluster to another within 8 generations following translocation, but differences in the proportion of individuals belonging to that cluster could be observed after just a single generation. The low levels of admixture on IDLP in 2016 is likely due to the short time period since translocations rather than a lack of breeding between genetically distinct individuals. Significant divergence of populations within a species, as seen on IDLP, provides an unusual scenario with which to evaluate the success of translocations by monitoring admixture, as illustrated during the supplementation of wild common hamster populations (Cricetus cricetus; Le Haye et al. 2017 ) and the management of the peregrine falcon (Falco peregrinus; Jacobsen et al. 2008) . Admixture analyses can function as an indicator of population viability, for example after domestication of the honey bee (Apis mellifera; Harpur et al. 2012) , and reintroductions of the Perdido Key beach mouse (Peromyscus polionotus trissyllepsis; Greene et al. 2017) . Biebach and Keller (2012) identified the degree of admixture within a founding group to be a better predictor of final genetic variation than the number of founders in Alpine ibex (Capra ibex) populations, enabling efficient management strategies to be implemented. Assessing both the rate of admixture and the change in genetic diversity enables a greater insight into the impacts of the translocation and, in turn, enables improved subsequent management.
The terrestrial fauna on the islands of Mauritius remain at risk from invasive predators and competitors, and other human-induced impacts. Since sampling, the invasion of FI by the musk shrew has completely eradicated the largest population of Bojer's skink (Cole and Payne 2015) . All populations analysed in this study showed signatures of recent historical bottlenecks. Although the 95% HPDs are broad, the inferred bottleneck of IAF/IV approximately 400 years ago coincides well with the earliest documented arrival of humans and their commensal species. These bottlenecks have produced a small effective population size across the islands, particularly in IDLP where the current effective size is inferred to be less than unity (N 0 = 0.5, 95% HPD = 0-34). The rate of genetic drift and the accumulation of inbreeding and loss of adaptive potential are ultimately linked to population size (Kalinowski and Waples 2002) . Despite small effective population sizes, significant F IS values only indicated inbreeding in the IAF population. Conversely, relatedness among individuals on IDLP increased between 2009 and 2014, which is to be expected if the population was founded by few individuals and samples in 2014 were only taken 0.3 generations after the translocation. In 2016, one generation after the translocations, the overall percentage of individuals that were related decreased, demonstrating translocations have begun to alleviate some of the problems the population experienced before.
The mtDNA haplotype network suggests a general distinction between northern and south-eastern populations. Only haplotype B01 was shared between RI (north) and IV (south-east), supporting previous mitochondrial evidence (Austin et al. 2009 ) that there was once historical gene flow between the north and south-east which may have been possible due to transient land bridges that formed between the islands and the mainland during the last glacial maxima (Nichols and Freeman 2004) . Post-glacial migration may have continued by skinks rafting from the islands to the mainland on debris, however this would have been at a low level and would have ceased around the early 1900s when Bojer's skinks became extinct on the mainland (Freeman 2003; Austin et al. 2009; Cole et al. 2009 ). The star-like structure of Haplogroup A qualitatively suggests a population that may have undergone a demographic expansion followed by an extinction event, removing many alleles, as indicated by Austin et al. (2009) . It is possible that some shared haplotypes between the north and south-east were among those that went extinct. However, while many of these results may represent genuine genetic processes and results of the translocation, it is difficult to rule out the role of sampling effort missing certain intermediate haplotypes. The mitochondrial data supports the successive loss of genetic diversity from IV to IAF to IDLP which is also represented in the microsatellite data. Haplotype B08 became increasingly prominent from IV to IAF to IDLP and was the only extant haplotype sampled on IDLP and IAF. This is most likely as a result of founder effect and genetic drift during translocation. Haplotype B01 is not present on either IDLP or IAF suggesting that translocated individuals did not represent the full genetic diversity of the population of origin.
In characterising the genetic structure among island populations of Bojer's skink, we were able to infer with some confidence the origin of individuals on IDLP. While the observed patterns of diversity and structure could also result if a small population had always survived inconspicuously on IDLP, extensive surveys and monitoring on the offshore islands of Mauritius suggest this is not the case. Thus, while the IDLP population still shows signs of divergence at nuclear DNA and low diversity 3 years after translocations, managers now have the option to use future translocations from other south-eastern islands as a form of genetic rescue. However, monitoring admixture and diversity will be necessary to determine the long-term success of the translocations already implemented and inform future management strategies. To maintain unique northern and south-eastern diversity, we recommend the continuation of two management units in conservation planning. Populations of Bojer's skink would also benefit from strict biosecurity regulations and continual removal of invasive species where possible. While this study focused on small island populations of Bojer's skink, the same methodology can be applied to almost any species, enabling informed management strategies concerning the translocation of wildlife. Genetic data should be routinely used pre-and post-translocation alongside other success measures to determine the long-term viability of a translocated population.
